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SWITCH WITH FREQUENCY COMPENSATION,
DIFFERENTIAL BIAS OPERATION
COMPENSATION AND ENABLE INDICATOR

FIELD OF THE INVENTION

This invention relates to electronic switches. In at
least one of its aspects it relates more particularly to
electronic switches for broadband applications.

BACKGROUND OF THE INVENTION

As electronic applications become increasingly com-
plex great demands are placed on the switches used
therein. In the past relays were employed for switching
applications. Monolithic switches replaced relays, in-
creasing the number of frequencies within which the
switches have a substantially constant gain. These fre-
quencies make up the usable bandwidth of the switch.
~ In order to increase the bandwidth further and to de-
crease the operating voltage of the monolithic switches,
finer manufacturing processes are being used.

The upper limit of the bandwidth of switches in-
creases as the process used becomes more fine. How-
ever, many switches require a current source feeding
into the signal path. This current source must have a
high impedance so as not to degrade the signal in the
signal path. A resistor would not be employed as the

current source for demanding applications as it would ,

cause distortion. An active component must be used.
‘This introduces a resistor-capacitor network having a
pole-zero combination. To keep the pole-zero combina-
tion above the otherwise usable bandwidth, a high im-
pedance, high unity gain frequency, fr, transistor may
be employed as the current source. However, these
transistors are expensive to manufacture.

Another problem encountered with some switches
results from employing bipolar junction transistors for
which it is desirable that the base-emitter voltages,
V BE’s, be substantially similar while the collector-emit-
ter voltages (V cg's) of those transistors are substantially
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dissimilar. What constitutes substantial similarity and .

dissimilarity will depend on the tolerance specifications
of the DC offset of the switch. Typical matching tech-
niques for producing substantially similar V gpg’s employ
substantially similar currents flowing in the collectors
of each transistor. However, where the transistors are
operated at substantially dissimilar V¢g’s, the Vpg’s
will not necessarily be the same due to base-width mod-
ulation effects. The Early voltage, V 4, of the transistors
is a measure of these effects. The Early voltage of a
transistor is not easily controllable during the manufac-
turing process, becoming lower, therefore having more
effect, as the process becomes increasingly fine. Varia-
tions in the Early voltage result in unpredictable values
of output offset for the switch. The output offset 1s the
DC voltage difference between the input and the output
of the switch. This limits the applications where the
switch may be used. |

Furthermore, it is sometimes required to indicate
when a monolithic switch is on. Typically indications
are given of when a particular switch has been selected
for operation, i.e. enabled, however this indication only
represents a selection of a particular switch or the state
of the contro! logic. It does not represent the actual
functioning of the switch once enabled.
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SUMMARY OF THE INVENTION

In a first aspect the invention provides a switch for
switching an input signal at an input to an output signal
at an output, said switch being operable in an enabled
state and in a disabled state, said switch comprising: (a)
cross-point switching means for switching the input
signal to the output signal; (b) switching control means
coupled to said cross-point switching means, said
switching control means having an enable input for
receiving an enable signal and means for switching the
input signal to the output signal in response to said
enable signal; and (c) compensation means for control-
ling an Early voltage effect in said cross-point switch-
ing means, said compensation means being coupled to
said switching control means; (d) said cross-point

switching means comprising an input buffer coupled to

said input, and output buffer coupled to said output, and
level shifting means coupling said input buffer to said
output buffer, said level shifting means being coupled to
said switching control means, and said level shifting
means being responsive to operation of said switching
control means for said level shifting means to switch the
input signal coupled to said input buffer to said output
buffer in response to receipt of said enable signal at said
enable 1nput. |

In a second aspect the invention provides a switch for
switching an input signal to an output signal, said switch
being operable over a frequency response range and
said switch being operable in an enabled state and a
disabled state, said switch comprising: (a) cross-point
switching means for switching the input signal to the
output signal; (b) switching control means coupled to
said cross-point switching means, said switching control
means having an enable input for receiving an enable
signal and means for switching the input signal to the

output signal in response to said enable signal; (c) com-

pensation means for controlling an Early voltage effect
in said cross-point switching means, said compensation
means being coupled to said switching control means;
(d) switch state indicating means for indicating when
said switch is in the enabled state and when said switch
is in the disabled state, said switch indicating means
being coupled to said compensation means; and (e) fre-
quency response control means for controlling the fre-

- quency response of said switch, said frequency response

control means being coupled to said switching control
means.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention,
and to show more clearly how it may be carried into
effect, reference will now be made, by way of example
to the accompanying drawings, which show a preferred
embodiment of the present invention, and in which:

FIG. 1is a block diagram of a switch according to the
preferred embodiment of the present invention;

FIG. 2 is a detailed block diagram of the switch of
FIG. 1, - |

FIG. 3 is a partial circuit diagram and block diagram
of the switch of FIG. 1;

FIG. 4 is a circuit diagram of a determinator;

FIG. § is a circuit diagram of the determinator of
FIG. 4, including a current source;

"FIG. 6 is a circuit diagram of a current sink;

FIG. 7 is a circuit diagram of an equivalent circuit to

the determinator of FIG. 4;
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FIG. 8 is a circuit diagram of an equivalent circuit to

the determinator of FIG. §; and

F1G. 9 is a equivalent diagram of an RC network in
the switch of FIG. 1;

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

- Referring to FIG. 1, a switch 1 has a cross-point gate

3. The cross-point 3 has an input V;, and an output Vg,
‘The cross-point 3 is also connected, through an Early
voltage compensation element § and through an enable
element with frequency compensation 7, to an enable
input EN. The cross-point is further connected to a
switch state indicator 9 to an output TALLY.

In operation, an enable signal is received at EN. The
signal 1s passed through the element 7 to the cross-point
3. The cross-point 3 is enabled, passing a signal at Vi, to
Vour- The output offset of the switch is determined by
Vour— Vin. When the EN signal is low, the cross-point
3 1s disabled. V,u; 1s 1solated from V.

The element 9 determines the operating state of the
cross-point 3, either enabled or disabled. The state is
output at TALLY.

The element § determines the effect of the Early
voltage on the bi-polar junction transistors (BJT’s), not
shown in FIG. 1, in the cross-point 3 which are for
operation at substantially similar Vgg’s and substan-
tially dissimilar Vg's. As will be discussed later, the
element § contains a substantially equivalent DC circuit
to the BJT’s for operation at similar Vgg’s. The element
5 sets the bias conditions of the BJT’s to compensate for
the effect of the Early voltage. It is assumed that the
Early voltage of each BJT is the same as this technique
is primarily designed for use in monolithic switches 1.
However, even in a monolithic switch 1, the Early
voltages of the BJT’s may differ by 10 to 15%. This will
effect the accuracy of the compensation. The compen-
sation will, however, be an improvement upon an un-
compensated switch.

As shown in FIG. 2, the element 7 has a switchable
current source with frequency compensation I;. The
current source I has an active component as shown by
BJT Qio2 of FIG. 3. The output impedance of current
source I must be high so as not to degrade the signal
passing through the input buffer 23 and level shift 25
from Vi, to Vour. A resistor cannot be used for the cur-
rent source I; as a resistor would not be a high enough
impedance. Qo2 is in part equivalent to a resistor and
capacitor in series, creating a resistor-capacitor, RC,
network including the source resistance of the cross-
point 3 and the output impedance of the element 7. This
network will have at least one pole and zero. With a
BJT Qo2 of sufficiently high output impedance and
unitv gain frequency, f7, the pole and zero will be above
the sandwidth of the switch 1. However, sucha BJT 1s
relatively difficult and expensive to manufacture. Ac-
cordingly, the element 7 employs current source I} with
a high impedance transistor Qg2 having a lower radian
frequency fr, and with frequency compensation.

Without frequency compensation, the lower fr can
create a pole-zero combination in the otherwise usable
bandwidth of a switch, not shown. As is known, the
pole-zero combination produces a dip in the frequency
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response of the switch. The frequency compensation of 65

the switch 1 brings the pole and zero closer together
decreasing the amplitude of the dip. The frequency
compensation also shifts the pole-zero combination

4

toward or above the otherwise upper limit of the band-
width of the switch 1.

As the element 5 is also in contact with the signal
passing from V;, to Vg, the element § will require
similar frequency compensation to the element 7. The
switch 1 is less complex when the elements 5,7 are com-
bined, and connected to create a series rather a parallel
path. The rest of this disclosure will describe a switch 1
where elements 5, 7 are so combined. The components
of each element 5, 7 will be described where they can be
broken down. It is to be understood that it is not neces-
sary in all applications to combine the elements 5,7 nor
is it always necessary to use both elements §,7.

Referring to FIG. 2, the cross-point 3 has an input
buffer 23, a level shift 285 and an output buffer 27. The
element 5§ is made up of a determinator 29, a current
source with frequency compensation I; and a current
sink I>. The element 7 includes a steady current genera-
tor 31, an enable control unit 33, a switchable current
reference Ig, the current source I and the current sink
I>. The element 9, strictly speaking, includes each of the
components of the elements §,7 and particularly the
current sink Iz. The elements §,7,9 together make up a
biasing network of the switch 1.

The unit 33 i1s connected to EN.

The unit 33 is kept biased by the generator 31. The
unit 33 controls the reference Iz. The reference Ig is
connected through the determinator 29 to a control
input of the source I;. The source I is connected to the
cross-point 3 at the level shift 25. The current sink I is
connected directly to the level shift 25, and from the
current source Ij to a control input of the current sink
I.

In operation, the switch 1 receives an input signal at
Vin and an enable signal at EN. When the enable signal
is enabled, the unit 33 draws operating current from the
generator 31 to switch on the current reference Ig. The
reference Ix drives the determinator 29 to determine the
effects of the Early voltage on the cross-point 3. The
determinator 29 is a substantially equivalent DC circuit
to the buffer 23 and level shift 285. |

The determinator 29 activates the current source I; to
enable the level shift 25 and the current source I, and,
correspondingly, the cross-point 3.

The input signal at V;; flows from V;, through the
buffer 23, level shift 25 and buffer 27. The level shift 25
compensates for the voltage drops in both buffers 23,
27.

For a more reproducible output offset, the voltage
rises in the level shift 25 and drops in the buffers 23, 27
should be matched so that the output offset of the cross-
point 3 will be independent of the Early voltage of
components employed in the cross-point 3. In the Fig-
ures, 1t 1s convenient to denote the emitter area of a
bi-polar junction transistor in a current mirror using
“x2” notation. This notation means that the emitter area
of the transistor is twice the emitter area of the other
transistor in the current mirror. As shown in FIG. 3, the
buffers 23, 27 may be BJT’s, Q1, Q4, while the level shift
25 may be two diode connected BIT s, Q2, Q3. For
optimum operation, V ggi should be identical to Vg
and V pg3 should be identical to V gg4. Typical, biasing
circuits call for the current in the emitters, Iz, and the
collectors, I, of each transistor to be the same for the
VBE's to be the same. However, the Early voltage will

- cause the Vpgg's to be different. The determinator 29

determines the approximate effect on the Vgg's of Qq,
Qs3, and Q4 when operating at differing Vcg’s. This
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effect is passed to I, which generates a current having
two component: I independent of the Early voltage and
equal to the bias current at which Qg 1s to operate, and
I, dependent on the Early voltage and representative of

6

Referring to FIG. 2, the provide Early voitage compen-
sation, the current source I; (shown as Qjgz in FIG. 3)
supplies a current consisting of I and Iy, and the current
sink I (shown as Qg in FIG. 3) sinks the current from

the effect on the Vgg's of Q, Qa. 11 being I minus I,. 5 the emitters of Q; and Q2. Referring to FIG. 3, 1.

The level shift 25 and I, receive the current 1;. I sinks
a current equal to 21 —I,. Thus, I must be flowing from
the emitter of Q1. Vg1 and V g2 will be matched. Also
V ge3 and V ggs will be matched. V gg3 will be the same
as Vpr. The collector-emitter voltage of Q4 1s approxi-
mately the same as that of Qj, thus Vg4 is approxi-
mately the same as Vpgg;.

The output impedance of I) combined with the resis-
tances of the buffer 23 and level shift 2§ create an RC
network. The network produces a pole and zero. The
frequency compensation in I brings the pole and zero
closer together to reduce the amplitude of the dip. The
frequency compensation additionally shifts the pole-
zero towards or above the otherwise usable bandwidth
of switch 1.

EARLY VOLTAGE COMPENSATION

As discussed above, the switch 1 includes a level
shifter 25 which uses two diode-connected transistor
Q; and 3 to compensate for the voltage drops (i.e. VBE)
across the emitter-base junctions of Q) and Q4. For
optimum operation of the switch 1, the voltage drops
across the emitter-base junctions of Qy, Qz, Q3 and Q4
should be matched, however, the Early voltage effect
will tend to vary these voltage drops. Accordingly, the
present invention includes Early voltage compensation
in the determinator 29. As was explained, the compen-
sation comprises biasing the transistor with a current
source having two components: I and I,. The current
component I is independent of the Early voltage, while
the other current component I,is a function of the Early
voltage. The compensation of the Early voltage by I
and I, can be shown by considering Vpr1=VaEe2 (€.
Qi and Q) in terms of the well-known equation for the
Early voltage effect.

Substituting the classic equation for the Early Volt-
age, V4, the expression Vpri=V e can be expressed
as follows:

I

VT T Vea/va)

+ Rp1Ig1 =

where
Iz 1s the base current
Icis the collector current
R 5 1s the base resistance
Isis the saturation current
V ris the thermal voltage

Vi+ Ve

I = I | IpRpy — IpRp
Q=AY Veg Y

Vr

The exponent will be approximately unity and is
neglected.

1 Va+ VCE2

Icin = Va+ VcEi
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=I=1,is flowing in the emitter of Q, while I is flowing
in the emitter of Q;. Then for Q2 and Qj respectively,

I-Iif=1c2+1321-1m=101

which can be substituted for Ici and I in the above

expression to give the following.

I-1ly—Ipn Va4 Ve
I— 1Ip — Va4 + VcEI
Vi + VCE2
I — o m—— ] ]
VA+VCEZ) (VA+VCE'2 -
=]1~ — — T
v ( Vi + VCEI I—1m+ Vi+ Ve ) B!

Using the well-known Kirchoff voltage Law, the volt-
ages Vcg1 and Vg can be expressed in terms of the
supply voltage Vcc n the base-emitter voltage V gg as
follows: Vce1=Vee+Vccand Vg =V pe. Substitut-
ing into the above expression gives the following:

.*. according to .the above, the current source
Vi + Vgg )
I+

I requires (—-———-—-—-—-——-VA T VaE + Voo

2V4 + Ve + VBE)I

and the currgnt sink /2 requires ( Va + VBE + Veo

the current components, i.e. I and I,, of the current
source 1; can be generated using the circuit shown in
FIG. 4. This circuit is an equivalent DC circuit to Q;
and Q> and for notional convenience the transistors will
be reference as Q1 and Q;', and the double supply volt-

age Ve will be designated as 2 Vcc.

Again considering the voltage drops across the emit-
ter-base junctions for Q;’ and Q2',i.e. Vpri'=V ' and
substituting the classic equation for Early voltage, the
expression for Vggi'=V g2’ becomes:

Icy’ Vo
V7in ’ + Iy Rpt' =
I (1 4 —CE! )
S 7
I ¥
Vrin =z + Iz Rpy'
el 14 —EE2
st 1+ 7
I Vi + Ve Va + VBE2
Icyy = Va4 + Vel Va + 2Vec + Veil
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Applying the well-known Kirchoff Current Law to the

circuit in FIG. 4, the collector current Iy’ for Q' can
be expressed as follows:

Icy'=21~Icy' ~1Ipg)'—Ip'

Substituting for I¢y’, the above expression becomes:

., Va+ Vce ,
ICE VA'I' VCEI (H“ICZ "‘I.Bl _IBZ)
Va + VCE2 ) Vai+ Vce
| — _ . ’
( + Va + VCE e Vi + VCE] @ - 11" — Ig)
Va+ Veger' , ,
I =57 Ve + Vemg H — 181" — 1m2)
Va+ Ve
; ;21 = Ip)' = Im) + I

Lo + I =

By applying the well-known Kirchoff voltage Law to
the transistors Q1 and Q3’, the voltage drops Vg1’ and
Ve’ can be expressed in terms of Vgg and Ve, ad
substituted into the equation for I’ to give the foliow-
ing:

Vcel' = 2Vece + VBE Ve = VBE
. . Va + VBE .
tet 4 17 = (e i+ i -

Vi + VaE
Va + Vcc + VBE

(

Slhh=1 + 1 =1~ 1y

(2t )

Referring to FIG. §, Ip, of FIG. 4, may be generated
employing Q4. Dj should be added between 2V ¢ and
the collector of Q;’ to compensate for Vge4.

To generate I it 1s best to use the source I of FIG. 2
to avoid glitches when switching off the cross-point 3,
although 1t 1s not necessary.

To generate I3 the circuit shown in FIG. 6 may be
used, where 1—1Iy is drawn from Ii. Rcis adjusted so
that Vccappears across the collector-base of Qpg. Since
the Vce of Qcis Vpg and the Vg of Qpis Ve plus
Vg, then Ic of Qp must be I, given that Ic of Qc is
I—-1y. 21-1y421p will flow through R 4;1. The voltage
across R 41 will appear across R 47 drawing 21—y into
the collector of Qp.

Referring to FIGS. 4 and 5, requiring 2V ccis unde-
sirable as this would require the use of a second supply.
Referring to FIG. 7, the circuit shown will produce
approximately the same current as that of FIG. 4. Q¢
has twice the emitter area of Qg.

I Va-+ VBe
CE="PUY Vec + Ve

and Ice~=1c’
The circuit of FIG. 7 can be implemented as shown in

FIG. 8. Qj, Qx provide the base currents for Qg, Q~r
D compensates for the base-emitter voltages of Qg, Qy,

Qx. The voltage divider provided by resistors Rcadds

0.5 Ve voltage drop at the base of Qg. This provides a
voltage drop of 1.5 V¢ from the collector of Qfto the
colliector of Qg For simplicity we assume Ip.
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8

=Ipr=1pr/2. 31gis required as base current for Qgand
Qr. The collector current of Qg is Ice—15. 31p1s di-
vided by Qs and Qg and 21 is added with Icg—1Ip so
that I1=Ice+13.

Referring to FIG. 3, further approximations have
been made as well as adding circuitry to compensate for
the base current flowing into Q4. The determinator 29 is
substantially equivalent to FIG. 8, except only Vccis
between the collectors of Qr and Q. Qr, Qg are re-
placed by Qi1, Q12. Q11 has twice the emitter area of
Q12. Qmis replaced by Q0. 1r replaces 31 and produces
31 when switched on. The base of Qo has been tied to
ground. The collector of Q1 is connected through Qg
and Rgto V.

Qio0s and Qo6 are current mirror configured. Qp; and
Q12 will draw the equivalent of 3 base currents, 31p
through Qi3. Thus Q05 will draw 3Ipand Qg will draw
315, with 21 gbeing lost to Q12 and Q1o, for a total of 41 .
This current will provide the base current for Q4. To
provide sufficient drive capability Q4 is biased with 41
externally and has 4 times the emitter area of Q1, Q2 and
Qs.

Qi0, Q1, Q12, Qi3 form the determinator 29. Qi1 and
Q12 divide the current from Ig according to V4. 1 is
pulled out of the collector of Q91 into the determinator
29. As only V¢, not 1.5 V¢, appears at the collector
of Qjg, I does not contain a full Iy. This effects the
amount of Early voltage compensation for both Q2 and
Q3. However, I; compensates by pulling twice as much
less than the difference from a full I,in I;. This causes a
change in the Vg of Qi which compensates for the
effect the difference will have on the Vgg’s of Q; and
Q:. It also compensates for the effect the difference will
have on the Vgg’s Q3 and Q4. Q41s operating at approxi-
mately the same Vg as Q1. This further compensation
is done by biasing the collector-base voltage of Qg at
1.5Vce.

It 1s not necessary for Q) to be connected through
Qg, however this is 2 convenient means of providing the
necessary bias current for Qjiot, Q102, and Qg3 and
forms part of the base current compensation of Q]ol,
Q102, and Q103 as will be described later.

Qio01, Q103 and Qi form part of 1; of FIG. 2. They
are current mirror connected. The current in the collec-
tor of Qjo1 1s mirrored in the collectors of Qi03, Q102.

Qs Qs and Qg are also current mirror connected.
They, along with R¢, R5 and Ryo form I> of FIG. 2. Q¢
has twice the emitter area of Qs and Qg.

I> is equivalent to the circuit shown in FIG. 6, except
there 1s 1.5V cc across Qg collector-base and there is no
base current compensation. Qg, Qs, Qg are replacements
of Qp, Qc, Qs Rs, Rs replace R4, R41. Rap replaces
Rjp. The base currents previously provided by Q¢ are
compensated for in the 4 g component of I;. I2is drawn
from the level shift 25 and the buffer 23, at the emitters
of Q2and Q1. As I minus a fraction of Iyis flowing in the
emitter of Q3 then I plus a fraction of 1y flows from the
emitter of Q1. Thus the sum of the Vgg's of Q4, Q3, Q3,
and Q4 are substantially independent of the effect of the
Early voltage.

When I flows through the level shift 25, it is enabled
and V;, 1s connected to V.

FREQUENCY COMPENSATION

Frequency compensation is provided by Qg z,7R3s. As
shown in FIG. 9, the resistance Rsof the input buffer 23
plus the level shift 25 and the output impedance of I;
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produce an R-C network. As shown in FIG. 9, the
resistance R and the capacitance C will tend to shunt
the output of Qi02, and C,, is the collector-base capaci-
tance. It is evident that if R is sufficiently low and C is
sufficiently high a pole-zero combination will occur
within the otherwise usable bandwidth of the switch.
The transfer function of the circuit of FIG. 9 1s

SCR + 1

As R is much greater than R;, the pole and zero combi-
nation is caused by the sCR+41 and sC(R+Ry)+1
‘terms. This pole-zero causes a dip in the frequency
response. To increase the applications for which the
switch 1 may be used, it is necessary to bring the pole
and zero closer together or shift the pole-zero toward
or above the upper limit of the otherwise usable band-
width of the switch 1.

Rp + R
R is approximately ok A 2NN S

where
Rf is the equivalent resistance of the emitter to AC
ground (in the small signal analysis of bi-polar junc-
tion transistors) and, |
Rp is the equivalent resistance of the base to AC
ground (in the small signal analysis of bi-polar junc-
tion transistors)

C is approximately
where R, is the small signal emitter resistance.

Rp Cpu
RE =+ re |

The product RC is approximately

(2 ) ()

In order to decrease RC, increase Rg and increase R
relative to R, Rgshould be decreased. When the switch
1is enabled Qg and Rgprovide a low impedance path for
high frequencies from the base of Qig2. This decreases
R g, increases R g and increases R relative to Rgbringing
the pole and zero closer together and shifting the pole
toward or above the upper limit of the otherwise usable
bandwidth. This avoids the necessity of employing a
high impedance, high f, transistor for Qjoz, and the
increased expense.

- Q104 provides DC feedback. Should Igi05 plus I£106
plus Ici0be greater than Icjo1 plus 13104 an error current
will flow into the base of Qio4. This turns Qios On
harder, drawing current from Rp and increasing its
voltage drop. This pulls down the base of Qg9 and corre-
spondingly, the base of Qijo1. Qio1 will source more
current until Igjos plus Ig106 plus Icio is equal to Icioi
plus Ipi04. IBi04 is an unwanted current, but it is kept
low given that Rg is sufficiently high.

C4 aids in smoothing transients during enablement of
the switch 1. It adds a delay when the voltage at the
collector of Qi is pulled down by the determinator 29.

To disable the switch 1, a disable signal is sent to EN.
The unit 33 switches off the reference Ig. This in-turn
shuts off the determinator 29, current sources I, I and

Rp 4+ RE
re + Rg
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disables the level Shlft 25. V;, is isolated from V, by a

DC clamp 37 which pulls the base of Q4 down to avoid
spurious signals at V.

During the disabling of the switch 1, Rg pulls up the
bases of Qio3, Qi02, Qio3 to turn Qg off. This avoids
transistor leakage occurring which may tend to turn Qg
on. As Qg is an amplifier small leaks could create suffi-
cient current to turn on Qio1, Q102 or Q103.

TALLY INDICATION

Q113 is connected at its base between the collector of
Qs and Ryg. The collector of Qq13 i1s connected to
TALLY. This provides a tally output signal. When the
switch is disabled no current should flow through I> and
Qg will be off. Similarly Qi3 will be off and no current
will flow with a load connected to TALLY. When the
switch 1 is enabled, Qg should be on and Q113 will simi-
larly be on and saturate. The flow of current will indi-
cate the switch is enabled.

As TALLY is taken from the current sink, a compo-
nent in the biasing network following the cross-point 3,
it gives an indication of the operating state of each of
the components in the switch. When compared to the
signal at EN, TALLY provides a reliable method of
trouble shooting circuits not shown, employing the
switch 1.

The TALLY could have been taken from other
points in the biasing network. However, its location off
of I; provides an indication of the proper functioning of
each of I, I;, the determinator 29, Igr, the unit 33, and
the steady current generator. Additionally, current 1s
available from I, without affecting the signal path from
Vinto Vour.

It is preferable that TALLY be placed at least n a
position where it indicates the operating state of the
cross-point 3 through the biasing network.

The switch 1 described herein is a single input to
single output switch. The principles described herein
would apply equally well to switches which have
greater numbers of inputs or outputs. It 1s to be under-
stood these switches fall within the spirit and scope of
the invention.

It will be understood by those skilled in the art that
other embodiments of the invention will fall within its
spirit and scope as defined by the following claims.

I claim:

1. A switch for switching an input signal at an input
to an output signal at an output, said switch being opera-
ble in an enabled state and in a disabled state, said switch
comprising:

(a) cross-point switching means for switching the

input signal to the output signal;

(b) switching control means coupled to said cross-
point switching means, said switching control
means having an enable input for receiving an en-
able signal and means for switching the input signal
to the output signal in response to said enable sig-
nal;

(c) compensatmn means for controlling an Early
voltage effect in said cross-point switching means,
said compensation means being coupled to said
switching control means;

(d) said cross-point switching means comprising an
output buffer coupled to said input, an output
buffer coupled to said output, and level shifting
means coupling said input buffer to said output
buffer, said level shifting means being coupled to
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said switching control means, and said level shift-
ing means being responsive to operation of said
switching control means for said level shifting
means to switch the input signal coupled to said
input buffer to said output buffer in response to
receipt of said enable signal at said enable input.

2. A switch as claimed in claim 1, wherein said com-
pensation means includes biasing means, said biasing
means being coupled to said level shifting means, said
biasing means being coupled to said switching control
means an being response to said enable signal for en-
abling said level shifting means to switch the mnput sig-
nal coupled to said input buffer to said output buffer.

3. A switch as claimed in claim 2, wherein said com-
pensation means includes Early voltage determining
means and Early voltage compensating means, said
determining means and said compensating means being
coupled to said level shifting means and to said input
buffer. | |

4. A switch as claimed in claim 3, wherein said input
buffer comprises a fist bi-polar junction transistor, and
said level shifting mean includes a second bi-polar junc-
tion transistor, said first and second bi-polar junction
transistor being capable of operating under biasing con-
ditions, nd said Early voltage compensation means in-
cludes a bias circuit for setting the biasing conditions of
said first and second bi-polar junction transistors, and
said Early voltage determining means comprises a di-
rect current circuit, said direct current circuit being
coupled to said bias circuit and being substantially

equivalent to said first and second bi-polar junction

transistor for reproducing the Early voltage effect on
said first and second bi-polar junction transistors.

5. A switch as claimed in claim 4, wherein said bias
‘circuit includes a current source coupled to said first
and second bi-polar junction transistors, said current
source having means for generating a current having
first and second current components, said first current
component being generated in response to the Early
voltage effect in said direct current circuit, and said
second current component being generated indepen-
dent of the Early voltage effect, said current source
includes means for supplying said first and second cur-
rent components to one of said first and second bi-polar
junction transistors, so that the Early voltage effect n
said first and second bi-polar junction transistors is con-
trolled.

6. A switch as claimed in claim §, wherein said bias
circuit includes a current sink, said current sink being
coupled to said first and second bi-polar junction tran-
sistors and including means for sinking said first current
component being supplied to said second bi-polar junc-
tion transistor and for sinking said second current com-
ponent being supplied to said first bi-polar junction
transistor.
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7. A switch as claimed in claim 1, wherein said switch

has a frequency response range, said frequency response
range having a lower frequency and an upper fre-

65
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quency, said switch having a pole and zero combination
within said frequency response range, said pole and
zero combination being formed from a resistor-capaci-
tor network in said cross-point switching means and
said switching control means.

8. A switch as claimed in claim 7, further including
frequency response control means for controlling the
frequency response to said switch, said frequency com-
pensation means being coupled to said switching con-
trol means.

9. A switch as claimed in claim 8, wherein said fre-
quency compensation means includes means or shifting
the pole and zero combination towards the upper fre-
quency of said frequency response range.

10. A switch as claimed in claim 8, wherein said fre-
quency compensation means includes means or bringing
the pole closer to the zero. |

11. A switch as claimed in claim 8, wherein said fre-
quency compensation means includes means for shifting
the pole and zero combination beyond the upper fre-
quency of said frequency response range.

12. A switch as claimed in claim 17, wherein said
frequency compensation means comprises a current
source, said current source being coupled to a bi-polar
junction transistor and a resistor said resistor having an
adjustable resistance value and including means for
setting said resistance value. |

13. A switch as claimed in claim 1, further including
switch state indicating means for indicating when said
switch is in the enabled state and when said switch is in
the disabled state, said switch indicting means being
coupled to said compensation means.

14. A switch for switching an input signal to an out-
put signal, said switch being operable over a frequency
response range and said switch having an enabled state
and a disabled state, said switch comprising:

(a) cross-point switching means for switching the

input signal to the output signal;

(b) switching control means coupled to said cross-
point switching means, said switching control
means having an enable input for receiving an en-
able signal and means for switching the input signal
to the output signal in response to said enable sig-
nal;

(c) compensation means or controlling an Early volt-
age effect in said cross-point switching means, said
compensation means being coupled to said switch-
ing control means;

(d) switch state indicating means for indicating when
said switch is in the enabled state and when said
switch is in the disabled state said switch state
indicating means being coupled to said compensa-
tion means; and

(e) frequency response control means for controlling
the frequency response of said switch, said fre-
quency response control means being coupled to

said switching control means.
*t = x =% %
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